A plasmid designated pLPG36 was isolated from the naturally occurring Legionella pneumophila serogroup-1 and purified by CsCl buoyant density centrifugation. A restriction map of this 58 kb plasmid was constructed and provided the basis for cloning four BamHI fragments into the unique BamHI site of pUC18. The four recombinant plasmids were investigated for the mobilization function in Escherichia coli strains. Only one of these, pFLJ2, was mobilized by the IncP plasmids RP4, pRK231 and R702, but not by plasmids pSa, R40a, R387, pN3 or R16. The derivative plasmid pFLJ2 was mobilized more efficiently by R702 than by RP4 or pRK231. By genetic and deletion analysis, the mobilization region of pLPG36 was located to a 6 kb EcoRI fragment of the plasmid.
Introduction
At the present time, a genetic system suitable for the study of the structure and expression of Legionella pneumophila genes in both native and heterologous hosts is not available.
The genetic manipulation of bacteria depends to a large extent on plasmids. However, no plasmid, whether large or small, of L . pneumophila has been isolated and characterized to date. Thus, recombinant DNA techniques cannot be used in this organism.
The importance of mobilization functions in promoting genetic exchange in bacterial systems, prompted us to study the transfer of Legionella plasmids. The oriT function would be an excellent tool to effect direct Legionella-Legionella or Legionella to heterologous host gene transfers.
Recently, two groups (Mintz et al., 1992; Tully, 1991 ) have identified self-transmissible plasmids in L. pneumuphila serogroup-1. The presence of such self-transmissible plasmids in the same donor cell is required for mobilization of non-conjugative plasmids during mating (Guiney & Yakobson, 1983 MartinezSuarez, 1991) . The presence of pLPG36 in a high proportion of environmental and clinical isolates of L . pneumophila serogroup-1, along with the co-existence of this plasmid in some strains also containing a cryptic plasmid of 80 MDa (Lopez de Felipe & MartinezSuarez, 1991) , suggested that pLPG36 might be mobilizable.
In this study, we present the first description of the isolation, cloning and mapping of a Legionella plasmid and also the localization of the mobilization region to a 6 kb EcoRI fragment.
Methods
Bacterial strains and plasmids. Bacterial strains and plasmids used in this work are listed in Table 1 .
Media and growth conditions. Escherichia coli strains were grown with shaking in L-broth or on L-agar plates at 37 "C. Where appropriate, the medium was supplemented with the following antibiotics: ampicillin (50 pg ml-I) ; kanamycin (25 pg ml-') ; chloramphenicol (20 pg ml-'); nalidixic acid (50 pg ml-I); rifampicin (200 pg ml-'); tetracycline (10 pg ml-'); or a combination of these antibiotics. X-gal and IPTG were used at 40 pg ml-' and 0.12 pg ml-', respectively. L. pneumophila serogroup-1 strain 53048 was grown in Buffered Charcoal Yeast Extract (BCYE-a) plates (Edelstein, 1981) at 37 "C in a humid atmosphere. For large-scale pLPG36 plasmid isolation, L. pneumophila was grown as described previously 199 1) .
Isolation and purijication of pLPG36. Large-scale isolation of pLPG36 plasmid DNA from L. pneumophila was performed by the method of Rosenberg et al. (1982) with the following modifications: bacterial cells were harvested by centrifugation (3000 g) from 1 litre of (Shapiro, 1977 ) (Shapiro, 1977 ) (Guiney & Yakobson, 1983 ) (Shapiro, 1977 ) (Shapiro, 1977 ) (Shapiro, 1977 ) (Shapiro, 1977 ) (Shapiro, 1977) an overnight culture in Yeast Extract Broth (YEB), and the bacterial pellet was resuspended in 150 ml 1 M-NaCl and washed for 30 min at 28 "C. The cells were then washed twice in TES pH 8.0 (50 mM-Tris, 5 mM-EDTA, 10 mM-NaC1) at room temperature. The cell pellet was finally resuspended in 25 ml of a fresh lysozyme solution (5 mg ml-' in TE, pH 8.0) and incubated for 30 min at 37 "C. After addition of 250 ml lysis buffer [l YO, w/v, SDS in TE, pH 12.45 (with 10 M-NaOH)], the suspension was gently mixed for 30 min at 37 "C and then the pH was adjusted to pH 8.3 with 2 M-Tris/HCl, pH 7.0. NaCl was added to a final concentration of 1 M and the mixture incubated for 6 h on ice. After centrifugation at 10000 g for 30 min, PEG 6000 was added to the supernatant to a final concentration of 10% (w/v). The mixture was incubated overnight at 4 "C for the precipitation of plasmid DNA which was then pelleted by centrifugation at lOOOOg for 30 min. The final pellet was resuspended in 10 ml TE and divided into portions of 3.6 ml to which 3-6 g CsCl and 100 pl of ethidium bromide (10 mg ml-') were added. The tubes were centrifuged in a V65Ti vertical rotor (DuPont) for 8 h at 45000 r.p.m. The plasmid DNA was collected and extracted with isopropanolkhloroform before dialysis against 10 mMTris, pH 8.0.
DNA manipulation. Cloning procedures were as described by Maniatis et al. (1982) . Restriction enzymes and T4 DNA ligase were purchased from Pharmacia and used according to the manufacturer's instructions. E. coli cells were made competent and transformed by the method of Hanahan (1983) . The four BamHI fragments used for cloning pLPG36 DNA into pUC18 were separated in 0.7% agarose gels and the bands were recovered and purified using a Geneclean kit (Bio 101).
ConjugationaZ DNA transfer and mobilization. Appropriate donor (5 x lo7 cells) and recipient cells (10' cells) were mixed and filtered through a Millipore filter (0.45 pm pore size, 25 mm diameter). The filter was incubated for 6 h at 37 "C on a LB plate without selection. The bacterial cells were resuspended and plated on selective L-agar plates containing the appropriate antibiotics. Transconjugants containing pUCl8-pLPG36 recombinant plasmids (Table 1) were selected on L-agar plates containing ampicillin and rifampicin, whereas transfer of the mobilizing plasmid was detected by selection on plates containing rifampicin and the antibiotic marker of the helper plasmid. The putative transconjugants were checked for growth on L-agar containing nalidixic acid to ensure that they were true transconjugants rather than rifampicin-resistant spontaneous mutants of the donor.
Results

Isolation and puriJication of pLPG36
Although pLPG36 is not a large plasmid, we chose a method of gentle lysis for purification of the DNA of large plasmids from Gram-negative bacteria (Rosenberg et al., 1982) to prevent degradation or loss of plasmid DNA. Several modifications were made, including neutralization, the addition of salts and overnight PEG precipitation, to improve the quality and yield of plasmid DNA (data not shown). The modified preparative method yielded 173 pg of purified plasmid DNA from 1 litre of stationary-phase culture.
Physical mapping of pLPG36
Purified pLPG36 plasmid DNA was mapped with SmaI, SaZI, XhoI, SacI and BamHI. Single and double digests of pLPG36 with these five enzymes resulted in the fragments shown in Table 2 . These fragments could only be arranged as shown in the circular physical map in Fig. 1 . Moreover, cleavage of the four cloned BamHI fragments with the above endonucleases confirmed the restriction fragment sizes obtained with purified pLPG36 DNA. The EcoRI sites were mapped on cloned BamHI fragments B (16.4 kb), C (10.9 kb) and D (5.0 kb). The precise location of five EcoRI sites of the 25.7 kb BamHI-A fragment (coordinates 22-2 to 42.7 kb) is not known.
Cloning of pLPG36 DNA The purified BamHI fragments of pLPG36 (25.7, 16.4, 10.9 and 5 kb) were cloned initially into the unique BamHI site of the intermediate copy number plasmid vector, pSU2718 (Martinez et al., 1988) . The fragments were then transferred to the high copy number plasmid vector, pUC18 (Vieira & Messing, 1982) to give the four recombinant plasmids denoted pFLJ 1, pFLJ2, pFLJ3 and pFLJ4, respectively, to investigate their mobilization potential.
Localization of mobilization region in recombinant plasmids derived from pLPG36
To show that pLPG36 contained an origin of transfer functional in vim, mobilization experiments were carried out on recombinant plasmids. For the conjugative mobilization of the pLPG36 derivatives, donor strains were made by transforming each of the test plasmids into E. coli HBlOl containing R702, RP4, pRK231, pN3, R16, R40a, pSa or R387 as the mobilizing plasmid. For the conjugative mobilization of the pFLJ2 derivatives, the donor strains were made by transforming each of the test plasmids into HBlOl containing R702 as the mobilizing plasmid. The recipient was a rifampicin-and nalidixic acid-resistant derivative of HB 10 1. All the recombinant plasmids were unable to transfer among the E. coli strains (transfer frequencies < 1 x lo-'). To rule out mobilization as the result of homologous recombination between the mobilized and helper plasmid, a 7, 11.3 43.1, 8.4, 6.5 25.7, 16.4, 10.9, 5.0 28.5, 24.0, 5.5 45.9, 11.3, 0.8 43-1, 6.5, 4.8, 3.6 25.7, 16.4, 5.8, 5-1, 5.0 24.8, 16.4, 11.3, 5.5 23.7, 13.9, 8.4, 6.5, 5-5 18.4, 16.4, 10.9, 5.5, 5.0, 1.8 35.8, 7.3, 6.5, 4-4, 4.0 23.7, 16.4, 6.6, 4.3, 5.0, 2.0 25.7, 12.1, 8.4, 5.0, 4.3 recA E. coli strain was used. The broad host range IncP plasmid RP4 or the helper plasmid pRK231 did not mobilize pUC18, pFLJ1, pFLJ3 or pFLJ4, but mobilized the transfer of pFLJ2 at a frequency of 1.1 x (Table  3) . However, plasmid pFLJ2 was more efficiently transferred by the IncP plasmid R702, at a frequency of 2 x lop4 (Table 3) .
Plasmids pSa (IncW), R40a (IncC), R387 (IncK), pN3 
2 x 10-4 pFLJ3
2.2 x 10-4 *The mobilization ratio is the transfer frequency of the tested plasmid divided by the transfer frequency of the helper plasmid. Transfer frequencies are expressed as transconjugants per recipient cells. Ratios are the mean of three experiments.
(IncN) or R16 (IncB) did not mobilize any of the pLPG36 recombinant plasmids or pUC18 (transfer frequencies of < I x Subcloning of the mobilization region from pFLJ2
The restriction map of pLPG36 provided the basis for the construction of the deletion plasmids pFLJ21 and pFLJ22 which contain the 9 and 6 kb EcoRI fragments of pFLJ2, respectively. For this purposes pFLJ2 was cut with BamHI and EcoRI, religated and transformed into E. coli HBlOl containing the helper plasmid R702.
The mobilization of these deletion plasmids by R702 was then determined. pFLJ22 was mobilized at similar frequencies to pFLJ2 (2.2 x lop4) whereas pFLJ21 was not mobilized by R702 (Table 3) . These results showed that the 6 kb EcoRI fragment is sufficient for the mobilization of pLPG36, and that the mobilization region is located in this fragment.
Discussion
We have shown previously that the naturally occurring plasmid pLPG36 is widely distributed among clinical and environmental Spanish isolates of L. pneumophila serogroup 1 (L6pez de Felipe & Martinez-Suarez, 1991) . To initiate the molecular analysis of pLPG36 we have isolated and purified it. The modified method used in this work to isolate and purify pLPG36 could be utilized for the isolation and purification of large plasmids which are frequently found in Legionella strains (Edelstein et al., 1986; Maher et al., 1987; Stout et al., 1988) .
Construction of the pLPG36 physical map provided the basis for subcloning experiments and for location of the mobilization region to a 6 kb EcoRI fragment of the plasmid. Mobilization experiments with pLPG36 derivatives demonstrated that only one of these recombinant plasmids, pFLJ2, was mobilized by the IncP plasmid R702 at higher transfer frequencies than those using RP4 or pRK231 as mobilizing plasmids. Since plasmid oriT sequences are plasmid-specific and generally not functionally interchangeable (Willets & Wilkins, 1984) , the slight differences between transfer frequencies using helper plasmids of the same incompatibility group (IncP) may be the consequence of less efficient recognition of the pLPG36 mobilization region by the conjugation systems of RP4 or pRK231 than by those of R702. The formation of co-integrates by red-independent transposition of insertion elements could be ruled out by the analysis of the plasmid DNA in the transconjugants (R702 and pFLJ2 or pFLJ22 were present in an unaltered form). It is of interest that the mobilization frequency of pLPG36 found in this study, is similar to the conjugation frequency of plasmid pCH1 (Mintz et al., 1992) . This suggests that pLPG36 could be mobilized by pCH1 if both plasmids were in the same donor cell. In fact, we have found pLPG36 in serogroup-1 strains in which a cryptic plasmid also resides with an apparent molecular mass of 80 MDa. This cryptic plasmid has not been mapped, but it could be similar in size and distribution to the 85 MDa plasmid (pCH1) reported by Mintz et al. (1992) . This also demonstrates that pLPG36 belongs to a different incompatibility group to that of the 80 MDa cryptic plasmid, and confirms the results of Mintz et al. (1992) who found different incompatibility groups among L. pneumophila serogroup-1 plasmids. Tully (1991) has shown the existence of another conjugative 36 MDa plasmid with a conjugative frequency higher than that of pCH1 and higher than the mobilization frequency of pLPG36. Despite having found two different types of 36 MDa plasmids (Lopez de Felipe & Martinez-Suarez, 1991) , it was not possible to compare pLPG36, or another reported type of 36 MDa Legionella plasmid, with the plasmid described by Tully (1991) , since no restriction pattern was given to this plasmid. Because of this, and the fact that no-one else has demonstrated the existence of two 36 MDa plasmids in a single strain, there is no reason to suppose that pLPG36 can be mobilized by the conjugative plasmid reported by Tully (1991) . This latter plasmid could, however, provide the necessary trans-acting functions to transfer a compatible, non-self-transmissible plasmid coresiding in the same donor cell.
The identification of the mobilization function in a cloned region of pLPG36 could probably explain its wide distribution that we have reported previously (Lopez de Felipe & Martinez-Suarez, 199 1) and suggests that there may be mobilizing plasmids in L . pneumophila capable of mediating DNA plasmid transfer between bacteria. The ability of Legionella plasmids to transfer may play a role in the spread of antibiotic resistance or any other selective advantage conferred by plasmids to this microorganism. The conjugative 36 MDa plasmid of L . pneumophila reported by Tully (199 1) has been demonstrated to confer ultraviolet light resistance to the strain in which it resides.
Nevertheless, the identification of an oriT gene function in pLPG36, which has the potential of replicating in L. pneumophila, should facilitate the construction of vectors consisting exclusively of Legionella DNA. This should provide a broadly applicable means of transferring plasmids between Legionella strains, thus facilitating the genetic manipulation of non-transformable strains.
